To localize the different domains of the laminin-1 molecule in tissues and gain insight into their in vivo relevance, we raised rat anti-mouse monoclonal antibodies (MAbs) against the entire molecule. Then we tested eight of the 20 clones producing anti-laminin-1 MAbs to specify their reactivity towards the al-, PI-, and yl-chains and the elastase-cleaved fragments of the laminin-l molecule. We found three MAbs with high titers in ELISA that showed good reactivity in embedded tissue. One of these reacted specifically against the El fragment, one against the ES fragment, and one MAb detected the al-chain of laminin-1 but not the PI-or ylchain. AU three MAbs are useful for light immunohistochemical investigations on a y d o n s and on paraffra-embedded material, and for ultrastructural localization of laminin-l in LR Gold-embedded mouse tissue. Antibody staining of the El and ES domains of laminin-1 revealed distinct localization of the molecule in the proximal tubule basement mem-
Introduction
Laminin-l is a major non-collagenous glycoprotein present in various basement membranes. It is built up of three peptide chains bound by disulfide links to form a cross-shaped molecule (Beck et al., 1990) . Simple reduction with, e.g., mercaptan, followed by SDS electrophoresis yields the three chains of laminin-1 with known molecular weights of a1 440 KD, Dl205 KD, and yl205 KD (Timpl, 1989 ; classification according to Burgeson et al., 1994) .
Digestion with protease reveals several fragments, depending on the enzyme used. Each subunit shows unique biological functions in vitro (Aumailley et al., 1987) . When treated with elastase, ' Supported by a grant from the German Research Council DFG He * Correspondence to: Prof. R. Herken, Kreutbergring 36, D-37075 132711-4. Gottingen, Germany. branes of mouse kidney. The short arms (El) of the laminin-1 molecule are predominantly located in the lamina lucida and the long arms (ES) are oriented towards the lamina fibroreticularis. Therefore, both MAbs are useful for studies of the orientation of the laminin-1 molecule in basement membranes. The distal tubule basement membranes did not show any distinct pattern of laminin-1 distribution. In general, the distal tubules showed the strongest reactions over the entire width of the basement membrane for all three MAbs. In contrast, the proximal tubule basement membranes showed somewhat weaker reactivity but a distinct pattern of laminin-1 distribution, with the El fragments oriented towards the adjacent epithelial cell surface. ( J Hisrochem Cytochem 43: [675] [676] [677] [678] [679] [680] 1995) KEY WORDS: Monoclonal laminin-l subdomain antibodies; Ultrastructural immunogold localization; Mouse kidney basement membranes; Orientation of laminin-1. laminin-l cleaves into fragments, called E-fragments (El, E4, E8, E5, E6, E7) (Ott et al., 1982) . The El-fragment consists of the crossshaped core part of the laminin-1 chains al, pl, and yl. It shows homology to amino acid sequences of the epithelial growth factor and mitogenic activity in an in vitro model (Kleinman et al., 1989) . The Eb-fragment, formed by the rodlike part of all three chains, enhances the proliferation and differentiation of neuroepithelial cells in vitro (Drago et al., 1991) .
The aim of the present work was to generate monoclonal antibodies (MAbs) against the different laminin-l subunits that would enable the localization of these subunits in tissue at the light and electron microscopic level. One possibility is to purify laminin-1 subunits and raise polyclonal antibodies against these subunits (Sorokin et al., 1992; Herken and Miosge, 1991; Schittny et al., 1988) . In this study we chose an alternative pathway, generating MAbs against the entire laminin-1 molecule and identifying their specificity towards the known subunits of the molecule. We provide in-675 formation on the potential usefulness of the laminin-l subunit antibodies in light microscopic histochemical studies on frozen and paraffin sections, as well as at the ultrastructural level, on LR Goldembedded mouse tissue. With immunogold histochemistry using the El and E8 subunit MAbs, we are able to see the orientation of the laminin-l molecule within tubule basement membranes.
Materials and Methods
Immunization and B-cell Fusion BUF/Gun rats were injected sc with 75 pg EHS laminin (Engelbreth-Holm-Swarm tumor, laminin-1 1:l with nidogen; Dianova, Hamburg, Germany) in complete Freund's adjuvant and were boosted twice IP with 50 pg laminin-1 in saline. The spleen cells were fused with X63-Ag8.653 cells (Kearney et al., 1979) according to Kohler (1981) . Hybridoma supernatants from microtiter wells were screened for anti-laminin-l antibodies by ELISA. Hybrid cells from positive wells were subcloned three times by limiting dilution. The fine specificity of the anti-laminin-1 antibodies was determined by immunoblotting.
Bovine serum albumin (BSA) was removed from the hybridoma culture medium that contained the MAbs by precipitation with 50% ammonium sulfate. The salt was removed by gel filtration (Sephadex G25; Pharmacia, Uppsala, Sweden).
ELISA
To establish the titer of the MAbs, microtiter plates (Nunc; Heidelberg, Germany) were coated with laminin-1 diluted with coating buffer (pH 10.6) to a final concentration of 1 mg ml-' overnight at 4'C. The laminin-lcoated wells were rinsed with PBS-Tween and then incubated with the purified MAbs diluted 1:200 (1 mg ml-') with PBS-Tween buffer (pH 7.2) for 90 min. After rinsing with PBS-Tween, peroxidase-labeled goat anti-rat IgG (antibody, mouse absorbed; EY Laboratories, San Mateo, CA) diluted 1:1000 with PBS-Tween was added for 60 min. After rinsing with PBS-Tween the 2-2'-azinobrj(3-ethylbenzthiazoline sulfonic acid) reaction was performed and extinctions were determined with a microtiter reader (Dynatech; Frankfurt, Germany).
Immunoblotting
Laminin-1 (EHS laminin-1 1:l with nidogen; Boehringer, Mannheim, Germany) was cleaved by elastase (Sigma; Deisenhofen, Germany) treatment at a concentration of 1 pg elastase (127 Ulmg activity)/100 pg laminin-1 at room temperature (RT) for 6 hr. The pl-, pl-, and yl-chains were obtained by the use of 40 pl P-mercaptoethanol in 60 plO.1 M PBS/100 pg of native laminin-1. The laminin-1 elastase fragments and the al-, PI-, and yl-chains of laminin-1 were then separated by SDS-PAGE (gradient gel 1-12 Yo). Proteins were transferred to nitrocellulose according to Kyhse-Anderson (1984) under semi-dry conditions (Fastblot; Biometra, Gttingen, Germany).
Laminin Fragment Detection
The fragments of laminin-l were detected by their known molecular weights (Engel, 1993) , using well-defined markers (205 KD, myosin; 116 KD, p-galactosidase; 97.4 KD, phosphorylase b; 66 KD, bovine serum albumin; 45 KD, ovalbumin; 29 KD, carbonic anhydrase) and Coomassie blue staining.
To detect the laminin-1 elastase fragments or the al-, pl-, and yl-chains of the laminin-1 molecule, the filter was incubated with the anti-laminin-l antibodies diluted 1:1 in Tris [ui-(hydrqmethyl) aminomethanel-buffcred sodium (TBS) for 60 min at RT. The filter was rinsed with TBS. As secondary antibody, peroxidase-labeled goat anti-rat IgG (Dakopatts; Hamburg, Germany) 1:lOO in TBS was added for 60 min at RT. After rinsing with TBS, the DAB reaction (0.05% diaminobenzidine and 0.01% H202) was performed.
To exclude unspecific reactions on the immunoblot, we performed incubations as stated above but with normal rat serum instead of the primary antibodies. All control immunoblots proved negative.
Light Microscopic Immunohistochemistry
Cryosections and paraffin ssctions. Unfixed NMRI mouse kidneys were frozen in liquid nitrogen and cut in 5-pm sections with a cryotome. The tissue slices were collected on chromalum-coated glass slides.
NMRI mouse kidneys were cut in two in the medial plane, fixed in phosphate-buffered 4% paraformaldehyde for 3 hr at 4°C. and then dehydrated in a graded ethanol series up to 100%. Thereafter, they were embedded in paraplast. Five-wm thin sections were cut with a Reichert microtome and collected on chromalum-coated glass slides.
Immunohistochemistry. The kidney paraffin sections were pretreated with 0.4% pepsin, pH 2.0, washed, and then incubated for 90 min at RT with the MAb LAM 1, LAM 2. or LAM 3. Cryosections were processed as stated above but without prior pepsin treatment. After rinsing in TBS, bridge antibody goat anti-rat IgG (Dakopatts) 1:100 in TBS was applied and the peroxidase-anti-peroxidase (PAP) reaction was performed (Petreli et al., 1974) .
Controls. Specificity of the hmunoreaction towards the laminin-1 subunit antibodies was controlled by treating sections with normal rat serum instead of the primary antibody and performing only the DAB reaction. All controls proved unreactive.
Electron Microscopic Immunohistochemistry
Pieces of 1 mm2 from the renal cortex of NMRI mouse kidney were fixed for 30 min at 4°C in 4% paraformaldehyde and 0.5% glutaraldehyde in 0.1 M PBS, treated with 10 mM ammonium chloride in 0.1 M PBS for 45 min, dehydrated in a graded ethanol series up to 70% ethanol, and embedded in the acrylic resin LR Gold (London Resin Company, London, UK). The resin was hardened at -25'C with the addition of 0.8% of the light-sensitive initiator benzil and the light of a halogen lamp.
For orientation purposes, 1-pm thick longitudinal and cross-sections were cut and stained with toluidine blue. For electron microscopy. ultrathin sections were cut with a Reichert ultramicrotome and collected on formvar-coated nickel grids.
Gold Labehg of the Antibodies. Gold particles (16 nm) were prepared by reduction of tetrachloroauric acid with sodium citrate according to Frens (1973) and Slot and Geuze (1981) . Thereafter, the antibodies were labeled with the 16-nm gold particles according to DeMey et al. (1981) and Hcrken et al. (1987) .
Immunohistochemistry. Nickel grids with the tissue sections were incubated for 15 min at RT with 0.1 M TBS (pH 7.2) . Thereafter, the grids were incubated with gold-labeled anti-laminin-1 antibodies diluted 1:20 with 0.1 M TBS for 90 min at RT. The sections were rinsed with TBS, stained with uranyl acetate for 15 min and lead citrate for 5 min, and examined with a Zeiss EM 109 electron microscope.
Controls. To exclude unspecific binding of the colloidal gold probes to anionic binding sites in tissue structures, we incubated control sections with the pure gold solution under the same conditions as described above. Moreover. to exclude nonspecific IgG binding, we incubated sections with a gold-coupled goat anti-rat antibody (Dakopatts). All controls were unreactive.
Results

Biochemistry
Screening of 20 hybridoma clones by ELISA revealed eight hightiter anti-laminin-l MAbs. Seven of these reacted with basement membranes in cryosections. To establish which subdomains our MAbs detect, we performed an immunoblot analysis of elastasecleaved and reduced laminin-1. Four MAbs reacted with each laminin-1 fragment. Three of the antibodies showed subdomain specificity: clone LAM 1 detected the El-fragment (Figure la) ; clone LAM 2 detected the E8-fragment ( Figure Ib) ; and clone LAM 3 detected the El-and E8-fragments on elastase-cleaved laminin-1 ( Figure IC ) and the al-chain of reduced laminin-l ( Figure Id) . The El-fragment antibody (LAM 1) and the E8-fragment antibody (LAM 2) did not react with the al-, 81-, or yl-chain of reduced laminin-1.
The characterized and purified antibodies were then tested to see whether they were suitable for light and electron microscopic immunohistochemistry.
Light Microscopic Immunohistochemistry
The MAbs were applied to cryosections of mouse kidney, the basement membranes of which differ in their histochemical composition (Tible 1). The antibody against the El-fragment (LAM 1) stained both glomerular and tubule basement membranes very strongly. Bowman's capsule reacted strongly. The same was true for the E8fragment antibody (LAM 2) and the al-chain antibody (LAM 3).
The next level in preservation of structure (which, however, weakens the antigenicity) was embedding in paraffin and deparaffinization. Under these conditions (Table I) , the El-fragment antibody (LAM 1) stained the glomerular and tubule basement membranes strongly and Bowman's capsule weakly. The al-chain antibody (LAM 3) was more reactive. staining Bowman's capsule and tubule basement membranes very strongly (Figure 2a ) and the glomerular basement membrane somewhat more weakly. The antibody against the E8-fragment (LAM 2) very strongly stained all basement membrane types except for the glomerular basement membranes, which stained less strongly.
Electron Microscopic Immunohistochemistry
To see whether the antibodies were also suitable for electron microscopy, we applied them to LR Gold-embedded ultra-thin sections. At the ultrastructural level we found clear differences in the reactivity of the different basement membranes ( Table 2) .
The El antibody (LAM 1) generally showed a somewhat weaker reactivity, whereas the E8 (LAM 2) and al-chain (LAM 3) antibodies showed similarly strong reactions. The al-chain antibody (LAM 3) stained the distal tubule basement membranes very strongly (Figure 2b ) and the proximal basement membranes somewhat more weakly, preferring the lamina lucida (the part of the basement membrane adjacent to the surface of the epithelial cell) and lamina fibroreticularis (the part of the basement membrane next to the lamina densa, on the side farthest away from the epithelial cell adjacent to the underlying stroma). Staining with the El antibody (LAM 1) showed for the glomerular basement membranes ( Figure  3a ) and for the proximal tubule basement membranes (Figure 3b ) a distinct pattern of reactivity with preference for the lamina lucida. None of the distal basement membranes showed such a pattern. The E8 antibody (LAM 2) exhibited a somewhat weaker staining of the proximal tubule basement membrane, the pattern showing a preference for the lamina fibroreticularis ( Figure 4a ) and marked staining of the distal tubule basement membranes ( Figure  4b ).
Discussion
Polyclonal antibodies against the whole laminin-l molecule have been described previously (Fessler et al., 1987; Laurie et al., 1983 ; Madri et al., 1980) . Some authors produced MAbs against the entire laminin-l molecule (Skubitz et al., 1987; Engvall et al., 1986; Leu et al., 1986; Wan et al., 1984) . Yamada et al. (1987) prepared polyclonal antibodies against synthetic peptides of the laminin-l molecule. Only a few authors have used antibodies against subunits of the laminin-l molecule (Sorokin et al., 1992; Wewer et al., 1992; Herken and Miosge, 1991; Schittny et al., 1988) . In the work presented here, we were able to raise and characterize rat anti-mouse MAbs with specificity against some of the elastase fragments of laminin-l and to establish their usefulness in light and electron microscopic immunohistochemistry on embedded mouse tissue. On application of antibody LAM 2 to reduced laminin-1 or its elastase fragments, the antibody reacts specifically with the 240 KD El-fragment and with no other fragment, and not with the al-, PI-, or yl-chain of laminin-1. The MAb probably needs the secondary structure of the molecule, with the disulfide bonds between the three chains intact, to recognize its epitope. Reduction with mercaptoethanol destroys these bonds, thereby changing the structure of the epitope. This is also true for MAb LAM 1, which is specific only for the El-fragment of laminin-1. The third antibody, LAM 3, detects fragments El and E8, but only on the al-chain of laminin-1. It does not stain the fi1or yl-chain. We therefore postulate that the detectable epitopes are positioned on various elastase fragments, but only within the al-chain. The repetitive sequences known to exist in the laminin-1 molecule (Olsen et al., 1989; Durkin et al., 1988; Sasaki et al., 1987) could be responsible for this phenomenon.
All three MAbs applied in light microscopic immunohistochemistry stained the different basement membranes of the mouse kidney in a similar manner. We found strong staining of the tubule basement membrane and weaker staining of the basement membranes of the glomerulus or the Bowman's capsule. Similar results were obtained by Laurie et al. (1983) with polyclonal antibodies. They found weak staining of Bowman's capsule and stronger staining of the tubule basement membranes. The same staining results were also observed by Leu et al. (1986) .
The overall weaker reactivity of the antibodies on embedded tissue is due to disturbance of the antigens during the processing necessary to preserve the morphology of the tissue investigated (Herken and Miosge, 1991) .
Assuming that the reactivity for all three antibodies is comparable, it is very likely that the distal tubule basement membrane has a higher laminin-1 content than the proximal membranes. Bowman's capsules are not rich in laminin-l. Grant and Leblond (1988) found differences in the content of laminin-1 in various basement membranes but they did not show results for the distal tubules. Abrahamson et al. (1989) , using peroxidase coupled antibodies injected into vital tissue, observed little staining of the proximal tubule basement membranes. Abrahamson and St. John (1993) also found that the glomerular basement membrane contains less laminin-1 than the tubule basement membrane. Desjardins and Bendayan (1989) found a weaker staining of the glomerular basement membranes, but in the proximal tubule they observed stronger staining for laminin-1. However, these authors were working on the rat and using the protein A-gold technique, and our results can therefore not be directly compared with theirs. Ekblom et al. (1990) found a high laminin-1 content in the proximal tubule basement membranes of adult mouse kidney in their work which was mainly concemed with the role of laminin-1 in organogenesis of the kidney. They found no laminin-1 a-chain in the distal tubule basement membrane. This finding contradicts our results. The reasons for this difference remain more or less unclear, but we can speculate about a difference in protein folding or variations in the incorporation of laminin-1 into the distal tubule basement membranes, which might hinder antibodies in locating the epitope needed. We tend to prefer the assumption that the weakly stained membranes consist of other laminin isoforms (Paulsson, 1993 ) that are not detectable with our laminin-l subdomain MAbs.
It is still not known how the laminin-l molecule is integrated into the various basement membranes. With the help of antibodies against subdomains. one might gain insight into the position of the laminin-1 molecule within the basement membrane. A first step towards this goal is our observation that the El antibody stained especially the lamina lucida of the basement membrane. Using the E8 subunit antibody, we are able to locate the El-fragment predominantly in the lamina fibroreticularis. This could mean that the laminin-l molecule is positioned within the basement membrane with its El-fragment pointing towards the adjacent cell surface and the E8-fragment oriented inwards, reaching into the lamina fibroreticularis. Using an MAb against the PI-fragment, which is similar to the El-fragment, we have previously demonstrated that the PI-fragment is also located in the lamina lucida of tubule basement membranes (Herken and Miosge, 1991) .
These initial results with immunogold histochemistry should provide a good line of approach to gain insight into the orientation of laminin-l within the three-dimensional structure of various basement membranes. In addition, the several in vitro studies (Aumailley et al., 1987) indicating different functions of the various fragments could be underlined and perhaps improved by ultrastructural localization of the domains in question on embedded tissue, representing the in vivo situation more exactly. For example, we have developed a model for the possible role of laminin-1 in mesoderm formation in the 7-day-old mouse embryo (Miosge et al., 1993) using polyclonal subunit antibodies against the E4fragment of laminin-1.
For future investigations of the in vivo role of laminin-1 and for studies on the orientation of the laminin-1 molecule, our monoclonal antibodies against laminin-1 fragments promise to be of great value.
